Abstract
Introduction
As part of an investigation into the assessment of individual performance in a group technology project, a set of questions to guide decision-making in the development of an appropriate eportfolio environment was generated from the literature and presented at the PATT29 conference (Edwards, 2015) The questions were organised into four dimensions -technical, functional, pedagogical, and manageability -based on a framework developed and used by Kimbell (2012) and Williams and Newhouse (2013) .
The questions developed for the investigation reported here were intended to provide a broad framework for decision-making, supported by theory and research, but they had not been tested in an authentic setting. A trial was therefore set up to explore how well the design question framework worked in practice and to identify any issues affecting its implementation. The context for the trial was a primary undergraduate initial teacher education degree in which a group design project was undertaken as part of a compulsory first-year technology education paper. Students worked in small self-selected groups (3-4 people) to develop a response to a design problem that they identified, and submitted a record of their project in the form of a joint group e-portfolio.
The paper begins with the conceptual framework that underpins the questions, before exploring the responses to them in the context of the group project. A number of important implications that emerged are then discussed. A justification for the questions themselves were the focus of an earlier paper (Edwards, 2015) .
Theoretical background

Conceptual framework
The four dimensions used to organise the questions represent a practical framework aimed at guiding the planning and decision-making associated with setting up an e-portfolio in a given context. However, a broader conceptual framework draws together key theoretical elements from relevant domains to underpin the concept of an e-portfolio environment as used here.
The conceptual framework (see Figure 1 ) brings together important concepts at the intersection of four fields: the role of context (in this case technology education), a socio-cultural view of learning with a focus on assessment, collaboration with a focus on its role in education, and the use of digital technologies in education; and applies them in the context of an e-portfolio environment. The links between the fields highlight important design considerations and provide a useful perspective on the design questions themselves. The four fields and links between them are explored below in relation to this study.
Figure 1. Conceptual framework linking key determinants of a collaborative e-portfolio environment
Digital technologies
The term e-portfolio refers to an electronic portfolio in which the artefacts presented are in digital form (Hicks et al., 2007) . E-portfolios are simply one of a growing number of digital tools that take advantage of the increasing range of media types and modes of communication available with digital technologies. Effective use of e-portfolios depends on resolving a number of specific issues related to the portfolio concept and to the digital nature of the environment.
Because the e-portfolio places an emphasis on the selection by students of appropriate material and on reflective commentary, the learner becomes more actively involved in the assessment process when e-portfolios are used for assessment (Barrett, 2007) .
Socio-cultural view of learning
This research is informed by a socio-cultural view of learning which suggests that learning involves interaction with other people and their ideas through mediating tools such as language, and that it is influenced by the cultural setting within which it takes place (Wertsch, 1998) . This is particularly useful in making sense of a group learning situation since the effective functioning of a group requires social interaction and takes place within a particular cultural
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setting. A socio-cultural view has important implications for e-portfolio design as it suggests an emphasis on supporting social interaction, joint contribution, and flexibility to allow the group to make decisions about how best to present their performance on the task. It also affects the approach to assessment.
Assessment involves the collection and evaluation of evidence generated by learners and is used both to inform further teaching and learning and to indicate current levels of performance or competence (Brown, 2008) . Where it allows comparison between two instances, it can be used to comment on learning. The primary focus of assessment is the student and their learning, and there is increasing recognition of the benefits of involving the student in assessment decisionmaking (Bain, 2012; Boud, 2007) . Effective assessment has to take account of context and of domain specific requirements. In technology education where both process and outcomes are important, traditional forms of assessment have been found to be inadequate (Williams & Newhouse, 2013) .
Context
There are some significant features of learning in technology education that affect its assessment. According to Kimbell and Stables (2008) these include
• a focus on learning in issue-rich, task-centred activities in which the learner is an active participant; • recognising that learners will not necessarily each be learning the same things and may achieve the same result in different ways; and • viewing knowledge and skills as best learnt when the learner needs to know them and to the level needed to address the problem rather than as a defined corpus that can be generically associated with any given activity.
Capability has been described as "the power to produce change and improvement in the made world" (p. 18) and imaging and modelling are seen as central to its development (Kimbell & Stables, 2008) . It requires competence, skill, and knowledge but these are not sufficient. It also requires the ability to make good decisions and to bring these together in a purposeful way. Assessment of capability in technology is characterised by its focus on process as well as outcome, and by its highly contextual nature. It requires attention to aspects of student performance that are not well captured in traditional paper and pen based assessment events (Kimbell & Stables, 2008) . Portfolios have been used as a way of better capturing the range of elements of performance. E-portfolios extend the portfolio concept by enabling the inclusion of a broader range of forms of digital evidence including images, video and sound files, weblinks, and files from specific software packages in a range of formats (Williams & Newhouse, 2013) .
Collaboration
Technological and design practice are commonly collaborative (Poggenpohl & Sato, 2009; Snape & Fox-Turnbull, 2011) . However, Poggenpohl and Sato note a lack of research theorising collaborative work. McCormick (2004) , in commenting some time ago on a similar lack of research on collaboration in technology education, suggested that the use of digital technologies offers potential for both collaborating to learn and learning to collaborate in the context of design problems. Since then, there have been significant developments in digital technologies, particularly associated with mobile devices. However, few studies (e.g. Hong, Yu, & Chen, 2011) have focused on collaborative work. Most research into the use of digital technologies in design problems tends to focus on individual rather than collaborative activity (e.g. Kimbell, 2012; Williams, 2012) . Although possibilities for collaboration in technology education have been identified (Hennessy & Murphy, 1999 ), there appears to be a need for more research that explores this with respect to the use of digital technologies.
Collaboration has been identified as a key skill in research into what people need for twentyfirst century living and employment (Binkley et al., 2012; Ministry of Education, 2007) . The Programme for International Student Assessment (PISA) draft framework for collaborative problem-solving (OECD, 2013) defines collaboration as "the capacity of an individual to effectively engage in a process whereby two or more agents attempt to solve a problem by sharing the understanding and effort required to come to a solution and pooling their knowledge, skills, and efforts to reach that solution" (p. 6). Any consideration of collaboration therefore needs to explore the nature of the group, the nature of the activity in which they are engaged, and the nature of the interactions that contribute to completion of the activity (Dillenbourg, 1999) .
In recent years, a growing interest in the ways in which information technologies can support collaboration has developed. Several themes emerge from this, including recognition of the diversity of skills and background of participants and the need for people to develop collaborative skills as well as those needed to achieve intended cognitive outcomes (Dawes & Sams, 2004; Fransen, Weinberger, & Kirschner, 2013; Montequín, Fernández, Balsera, & Nieto, 2013; Napier & Johnson, 2007) . Some of this has come from analysis of failure of collaborative projects in education (Baker, Bernard, & Dumez-Féroc, 2012; Kapur & Kinzer, 2009; Pathak, Kim, Jacobson, & Zhang, 2011) . There has also been a focus on the role of design of the environment, task, and supporting tools in regulating both the process and outcomes of collaboration (Fischer, Kollar, Stegmann, & Wecker, 2013; Strijbos, Martens, & Jochems, 2004 ).
E-portfolio environment
The concept of an e-portfolio environment extends the idea of e-portfolio design to take into account the broader range of considerations discussed above. It allows consideration of the eportfolio itself, the context in which it is to be used, and the support materials provided. It recognises the contextual nature of any use of an e-portfolio and that its use affects, and is affected by, a range of interacting factors.
The development of a digital environment for a specific purpose can usefully be regarded as a design problem, enabling the resources and approaches of innovative design to be applied as demonstrated in a number of recent studies Kirschner, Strijbos, Kreijns, & Beers, 2004; So, Seah, & Toh-Heng, 2010; Wang, 2009; Zhang, Olfman, & Ractham, 2007) . The design required is complex as it needs to address a broad range of intersecting areas: the technical aspects of the technologies involved, the nature of the task(s) students are to be engaged in, and the support materials and processes that guide students in their involvement. Where engagement in the task itself requires knowledge and skills other than those the task seeks to develop or assess, these need to also be explicitly addressed in the supporting materials and processes.
Williams and Newhouse (2013) identified a framework of four specific dimensions that would need to be satisfied in order for the use of digital technologies to be effective in assessment. This was based on the proof of concept criteria used by Kimbell (2012) in his initial exploration of the feasibility of project e-scape. The four dimensions identified were technical, functional, pedagogical, and manageability (see discussion below). They were used to frame a set of questions (see findings) that could be used to guide the development of an e-portfolio environment. The justification for the choice of questions is presented and discussed in Edwards (2015) .
Technical dimension
The technical dimension deals with issues about the practical implementation of the software. It addresses how the software works, where it is based, and how it is supported. It also considers administration of student accounts and access.
Functional dimension
The functional dimension relates to the way the e-portfolio environment supports the purpose for which it is being used and so is primarily concerned with how the task itself is facilitated by the software and supporting materials.
Pedagogical dimension
The pedagogical dimension provides a way of considering how the e-portfolio environment enacts the theoretical ideas about teaching, learning, and assessment, particularly in technology education, that underpin the task and its intended purpose.
Manageability dimension
Manageability addresses issues of how people might use the environment to complete the task. It considers such things as workload, timing, ease of use, and fitness for purpose.
Method
This research focused on exploring the use of a specific design tool in developing an e-portfolio environment. It is positioned as a case study reflecting its focus on a current situation in a specific context, the desire to understand how effective the set of questions is, and the complex nature of the context (Yin, 2014 ). An interpretive methodology was adopted.
The research sought to answer the following questions:
• How well does the design question framework work in practice?
• What factors affecting its implementation need to be considered in its future use?
In order to answer these questions, a trial was set up in which the design question framework was used to guide the development of an e-portfolio environment in the context described earlier; a collaborative design project in a first year technology education paper in a New Zealand primary initial teacher education programme.
The data used as a basis for analysis comprises:
• the decisions made in response to the questions together with the resulting elements of the e-portfolio environment itself ; • the group portfolios submitted by students; and • the recorded observations and reflections of the author.
Analysis involved exploring the design decisions made in developing the e-portfolio environment and aligning them with the questions in the design question framework. The broader conceptual framework was then used to identify any other relevant considerations that may not have been addressed but that should have been.
Findings
The four dimensions discussed above are used to organise the presentation of the findings as they form the organising structure for the design question framework. For each of the dimensions, the associated questions are presented followed by a collective discussion of the responses in the context of the design decisions that were actually made in developing the e-portfolio environment. The questions themselves did not always require individual responses as in a number of instances one response answered a range of questions. With respect to most of these questions, the answers were determined by the institutional infrastructure available. The institution in which this study took place has a large and wellestablished information technology infrastructure that included provision for the use of eportfolios in teaching. However, the choice was made to use the externally hosted myportfolio, a variant of Mahara, because it is widely used in schools, was well supported, and suited most of what was wanted in the task. However, it is based offsite so considerations of server location and size, security, account management, access and storage were determined by what was available and not open to negotiation. This would also have been the case if another proprietary e-portfolio had been selected, whether free or paid for, and the alternative of developing something in house was not available. Because of this, the questions proposed represent a pointer to important aspects of the e-portfolio environment that influence its nature and use. They do not really reflect a series of design decisions.
Technical dimension
The scale and organisation of myportfolio has been set up to provide e-portfolio capability to New Zealand schools. As a result, server and account access, security, setting up of accounts and storage were already suited to the classroom setting that formed the context of the study. Of more interest was the ways in which students could interact with the e-portfolio both individually and as a group. The web-based nature of myportfolio made it useable anywhere the student(s) had Internet access and independent of the computer setup (hardware and software) they were using.
The critical element was support for group work as this was a defining aspect of the project. Myportfolio did enable establishment of groups and the development of a group portfolio both of which were surprisingly easily used by all groups. The ability to have all group members access the portfolio at any time, edit the portfolio, and work on it simultaneously was particularly useful. Some aspects of the group function were not quite what we wanted including the lack of provision for tracking activity and not being specifically suited to the technology context in which we were working. However, it provided a sufficiently useful platform that it could be used for what we needed. In particular, it offered considerable scope for student creativity and ownership of the way the e-portfolio was developed.
Support was well catered for through the institution's IT infrastructure that included a team who were familiar with myportfolio and able to offer tutorial support for staff and students, and technical support as required. When needed, additional technical support was available through an established relationship with the external provider running myportfolio. This dimension relates to how well the e-portfolio environment suits its intended purpose which, in this case, was to enable effective assessment of group performance in a learning activity. Myportfolio supported the necessary wide range of forms and sources of evidence required to allow students to record all relevant aspects of the process they went through and the outcome they produced. It also allowed students full control of what to include as representative of their process. However, there was no way to consider what they had chosen to leave out of their final portfolio.
Functional dimension
Task clarity was achieved through supporting materials and instruction and so is a feature of the wider environment rather than the e-portfolio itself. While a more tailored e-portfolio could integrate instructions and support materials within the e-portfolio itself, this was not the case in this situation. Students appeared to be able to make good sense of task expectations as indicated by their engagement with the task and what they submitted for assessment.
Authenticity with respect to student work being their own was not an issue at the group level because the nature of the task required students to be working with a unique design problem. At an individual level though, the ability to distinguish individual contribution and performance proved difficult with myportfolio and would be difficult with any piece of e-portfolio software. While it is potentially possible to isolate and track individual activity with the e-portfolio, this does not clearly show individual technological capability and in fact the more collaborative a group is, the more blurred individual contribution becomes. From the perspective of a socio-cultural view of learning, an emphasis on the active involvement of the learner, social interaction, and the setting in which the task is undertaken are important. All of these were well supported within myportfolio and in the way the task itself was designed. Feedback and reflection are important features of an e-portfolio (Barrett, 2007) and are supported in myportfolio through a feedback function and a journaling tool. The necessary learning associated with the task itself and with developing the e-portfolio was accommodated within the class programme through specific teaching and learning episodes and through selfpaced web-based tutorials. Student workload • Will this make more demands on student time than the current task?
Pedagogical dimension
Manageability dimension
Learning to use myportfolio
• How long will it take students to learn to use myportfolio?
• What support will be provided for students to learn to work with myportfolio?
Staff workload
• Will the marking take longer than it currently does?
• How long will it take for staff to learn to work with myportfolio?
Ease of marking • Does the group e-portfolio provide all the necessary evidence for marking?
It was important that the shift to working with the e-portfolio did not create additional workload for staff or students. While there was some time required to become familiar with the software, this was less than expected and did not intrude on the typical process of completing the task. Staff involved found that the support required was similar to that needed with the previous paper portfolios and that marking took a similar time. Students experienced the same kinds of issues in getting the task completed as other cohorts have with the paper portfolio. They did not find that the e-portfolio posed unreasonable challenges or that it was time-consuming to work with. This surprised staff as we had anticipated more difficulties than students experienced. Students commented positively about the clarity of their presentation and about not having to print and rework what they were putting into their e-portfolio as they expected they would have needed to do had they been working with a paper version.
Discussion
This section discusses the implementation of the design question framework and issues associated with its use. As indicated in the previous section, the questions were relevant and useful in guiding the development of the e-portfolio environment. The development process involved a combination of selection decisions (where there was little opportunity to adapt what was available) and design decisions. Using the framework was not simply a matter of answering the questions however. They tended to cluster around design decisions that were largely determined by the context. The findings suggest the design question framework acts more as a guide to decision-making than a checklist. They also indicate that the decision-making process is complex, context-dependent, and needs to consider the broader environment within which the e-portfolio will be used. In particular, it needs to consider task design, supporting infrastructure, providing appropriate support, and the students themselves. These aspects align closely with the conceptual framework outlined in Figure 1 .
It quickly became apparent that in designing an appropriate e-portfolio environment for a particular context, consideration of the environment is at least as important as the choice of eportfolio software. Such a view is consistent with the idea that design for collaborative learning needs to go beyond surface-level features (Kirschner et al., 2004) . Decisions about how best to manage aspects of the task in context can be integrated with other decisions in order to provide a rich learning focused environment. For example, where the e-portfolio software works well in a general sense but does not provide context specific support, this can be designed into the broader environment. Choice of software is only part of the decision-making process. Kirschner et al. (2004) , working in the field of computer supported collaborative learning (CSCL), identify three interacting elements of the environment that should be considered: the technological, social, and pedagogical. Design should aim to develop affordances (Norman, 2009) in each of these areas. The conceptual framework suggested at the start of this paper fits reasonably well with these three elements but suggests inclusion of a fourth, the context-specific demands of the domain. In the example considered here, the unique requirements of a technology design task impose a contextual overlay that colours the responses to the questions in ways different from tasks in other subject domains. These four elements of the environment are not the same as the dimensions of the design question framework which is more focused on the e-portfolio itself. However, they are clearly related.
Decisions about choice of e-portfolio software and design of the environment inevitably involve compromise. There is no software solution that is capable of meeting all of the anticipated needs of any given context even when custom-designed to do so. This is because the needs are often in tension, highlighting the complexity of the design task (Kirschner et al., 2004) . Kirschner et al. discuss the complex way in which all elements of the environment interact, especially in a collaborative setting. One preference will often be at the expense of another. For example, if priority is given to directing what can be included and how it can be presented, this will be at the expense of student ownership and creativity. Recognition of the inevitability of compromise means an emphasis on 'best fit' rather than 'perfect fit' and the creative development of other solutions through the design of the task environment. Generic tools such as Google Sites and myportfolio generally come with fewer bugs, have better support, and are reasonably easy to use but may lack the flexibility or specific features desired in a particular context. On the other hand, software that is specifically designed to suit a particular type of task is likely to be better suited to its use but may have more bugs, less support and may not be so easy to use.
Local infrastructure is a requirement for successful implementation. Because the use of eportfolios and digital tools requires use of ICTs, without adequate local support for them, they cannot be used effectively. The infrastructure needs to be substantive, pervasive, robust, wellintegrated, and well-supported. This includes practical support in the form of Internet access, wireless connectivity, and sufficient scale to accommodate the software and its use. It also involves personal support in the form of people who can solve technical problems as they arise and can help students and staff deal with specific problems that they have. In our case, the infrastructure support was good and the choice of e-portfolio software was relatively straightforward as what was readily available was suitable for what was required. Where the necessary infrastructure is not in place as may be the case in some schools, the preferred option would be to have the e-portfolio software housed offsite although infrastructure issues would still affect the environment within which students interact with their e-portfolios.
The integrated nature of the design process for the e-portfolio environment means that where problems or limitations arise in one aspect they can often be resolved by thoughtful design of another aspect. As a result, the questions in the design question framework should usually be considered in relation to responses to other questions and with an awareness of the implications for designing other aspects of the environment. While this is consistent with design principles generally (McGlashan, 2010) , it has not been a focus in the e-portfolio literature.
Task design emerged as a core element of the design and development process placing an emphasis on the pedagogical dimension of the question framework but going beyond it. In doing this, the focus shifts from surface features of the environment to a deeper consideration of the intended purpose. The task itself reflects underpinning beliefs about learning and teaching, assessment, the subject domain, and the use of digital technologies. As a result, task design decisions relating to task ownership, task character, and task control (Kirschner et al., 2004) should guide responses to the questions posed in the question framework discussed here.
Conclusion
This paper aimed to explore how well the design question framework worked in practice and to identify any issues affecting its implementation. In the trial, the framework questions worked well as a guide to key considerations although their usefulness was more in focusing attention on key considerations in e-portfolio environment design than acting as a checklist.
The design of an effective e-portfolio environment is clearly complex and involves a number of interacting decisions. While this is not a new idea, the study reported here highlighted the context dependent nature of the process of design and development because the relevant constraints and affordances are unique to each situation. It is also iterative. Decisions about eportfolio software and supporting materials depend on the answers to key questions but also influence some of the answers to those questions. Choices are governed by what best meets specified needs but are also moderated by considering how what is available can be tailored to what is required. The tension between characteristics that are at times complementary and at times conflicting makes the design of effective e-portfolio environments challenging. Working with the complex array of interacting elements of the environment demands flexibility and the ability to adapt to needs as they arise. Ongoing development of the question framework should take account of this. An integrated approach is needed that recognises the need for compromise and the scope for resolving issues through thoughtful design in other aspects of the environment.
Adopting a broader perspective that takes into account the environment in which the e-portfolio is being used offers more likelihood of its use being effective. The role of task design and of local infrastructure is central in this. The conceptual framework proposed earlier (Figure 1 ) provides a useful way of understanding the complexities of this broader perspective.
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